Preeclampsia is one of the most common complications of pregnancy in the world. In Indonesia, the incidence of preeclampsia lies within 3-10% of all pregnancies every year. Preeclampsia is a multisystem disorder that causes endothelial dysfunction and vasospasm that may lead to ischemia and organ damage especially to the end organs. Cochlea serves as an end organ and is therefore vulnerable to damage under ischemic conditions. This research aimed to understand the role of preeclampsia on the destruction of cochlear outer hair cells function. Subjects were pregnant women who were hospitalized in the Obstetrics and Gynecology Ward of Sardjito Hospital. Diagnosis of preeclampsia was obtained by defining level of high blood pressure measurement and quantitative 24 hours of proteinuria. Meanwhile, cochlear outer hair cell function was measured by the distortion product otoacoustic emission (DPOAE). The DPOAE results showed that REFER presented in 6 (10%) patients with preeclampsia and none in those without preeclampsia groups. This result demonstrated preeclampsia as one of the risk factors for impaired function of cochlear outer hair cells.
Introduction
Preeclampsia is a pregnancy specific syndrome with reduced organ perfusion resulting in the occurrence of vasospasm and endothelial activation. It is a complication of pregnancy characterized by hypertension that usually begins after 20 weeks of pregnancy which is accompanied by proteinuria [1] . The number of preeclampsia cases is estimated to be about 5-7% of all pregnancies. In the USA, the number of preeclampsia cases was approximately 5% of all pregnancies. The number of preeclampsia cases in Indonesia differs according to the region but ranges within 3-10%. Based on the medical records at Sardjito Hospital in Yogyakarta, there were 277 preeclampsia cases from 2009 to 2011. The etiology and pathophysiology of preeclampsia are still not fully understood; there are still plenty of controversies; this condition is often referred to as the "the disease of theories" [1, 2] . In cases of preeclampsia and eclampsia where the destruction of the pathological function of organs and systems was found, the cause may be vasospasms and ischemia [1, 2] . Previous research demonstrated the complications of preeclampsia on a number of organs including the heart, brain, liver, eyes, and kidneys [3] . These complications might be caused by ischemia, vasoconstriction, and immunological reactions. Although the inner ear is also similarly susceptible, there is very little information on how preeclampsia can cause the destruction of cochlear outer hair cells function [3, 4] . The inner ear affected by vascularization of the end artery is especially susceptible to the effects of vasospasms and ischemia [4] . Blood vessel damage to the cochlea interferes with cochlear vascularization resulting in a disruption of nutrients supply and oxygen needed by the cells in order to maintain the cochlear function [5] .
Evoked otoacoustic emissions (OAEs) are generated by the outer hair cells in response to sound presented to the ear, and they can provide objective information about the integrity of the outer hair cells [6, 7] . Two types of evoked OAEs are clinically used: transient evoked otoacoustic emissions (TEOAEs) and distortion product otoacoustic emissions (DPOAEs). TEOAE is evoked using click-sound (broad frequency range) or tone burst (brief duration pure tone) stimuli with the onset being very fast (milliseconds) and has intensity of 50 dB. The evoked response from click-sound covers the frequency range up to around 4000 Hz, while a tone burst will elicit a response from the region that has same frequency as the pure tone. The spectrum of TEOAE is 500-4500 Hz for adult and 5000-6000 Hz for baby. TEOAE is preferable for screening purpose such as baby hearing screening. DPOAE is evoked using a pair of primary tones 1 and 2 simultaneously with particular intensity (usually either 65-55 dB SPL or 65 for both) and ratio ( 1 : 2 ). The evoked responses from these stimuli occur at frequencies ( dp ) mathematically related to the primary frequencies, with the two most prominent being dp = 2 1 − 2 (the "cubic" distortion tone, most commonly used for hearing screening) and dp = 2 − 1 (the "quadratic" distortion tone, or simple difference tone). The spectrum of DPOAE is wider than TEOAE and able to achieve up to 10,000 Hz. DPAOE is more sensitive in measuring the cochlear outer hair cell function and more noise-resistent compared to TEOAE. DPOAE is more valuable for monitoring cochlear changes clinically [8, 9] . DPOAE has been widely used to diagnose the peripheral auditory neuropathy and evaluate ototoxic administration, noise induced, and other cochlear disorders. This study aimed to understand the role of preeclampsia on the destruction of cochlear outer hair cells function.
Materials and Methods
This study was approved by the Institutional Review Board for the Protection of Human Subjects at the author's home institution. The research design was a cross-sectional one. One hundred and twenty patients were enrolled at the Obstetrics and Gynecology Ward of Sardjito Hospital, Yogyakarta, Indonesia, from February to September of 2012. Samples were selected consecutively. Inclusion criteria for this study were female patients after 20th week of pregnancy who were hospitalized in the Obstetrics and Gynecology Ward, aged under 40 years, and they agreed to participate in this study by signing the informed consent. Exclusion criteria included patients with history of previous preeclampsia, chronic hypertension, diabetes mellitus, a twin pregnancy, history of ototoxic drug consumption, acute inflammation of nose and throat, and external ear abnormalities. The samples were divided into two groups, with and without preeclampsia. The preeclampsia group was defined by hypertensive blood pressure (diastolic blood pressure was more than 90 mmHg) and quantitative 24 hours of proteinuria.
The DPOAE equipment was fully calibrated by a qualified technician within the previous year. All testing was completed by the same investigator. Otoscopy was performed and any cerumen was removed, if necessary, before testing initiated. Patients were seated in a comfortable chair. The right ear was always tested first for consistency. The DPOAE AccuScreen PRO (Fischer-Zoth Diagnosesysteme Gmbh, Walter-Kolbenhoff-Strasse 34, 82110 Germering, Germany) was used for DPOAE recording. Following appropriate configuration of stimuli waveform, DPAOEs were measured in diagnostic mode by giving non-linier clicks. An 2 / 1 ratio was kept at 1.2 and 1 and 2 levels of 65 dB SPL and 55 dB SPL, respectively. The sampling rate was 16,000 Hz. A minimum of 30 frames and a maximum of 1,200 Hz frames 
Results
In the aforementioned period, this study recruited 120 patients consisting of 60 pregnant women with preeclampsia and 60 women with normal pregnancies. The result showed that the most patients with and without preeclampsia ranged within 20-35 years; they were 63.3% and 83.3%, respectively ( = 0.495) ( Table 1 ). There was no significant difference between maternal ages in both groups. The mean age of the preeclampsia group was 29.73 ± 6.78 and that of without preeclampsia group was 28.96 ± 5.4. The most subjects with and without preeclampsia were multigravida, accounting to 58.3%. There was no significant difference between parity and preeclampsia. The mean gestational age in weeks in the preeclampsia group was 35.6 ± 4.15, while that of without preeclampsia group was 39.18 ± 0.92 [10] . In order to measure cochlear outer hair cells function, all participants were assessed by DPOAEs (Table 2 ). There are two types of DPOAE result: PASS and REFER. The PASS is defined as a normal outer hair cells function, and the REFER is defined as an absent DPOAE for at least two frequencies in each ear (as an outer hair cells dysfunction). The result of DPOAEs showed that the REFER was identified in 6 (10%) patients of the preeclampsia group. In the group without preeclampsia, all the DPOAEs result was PASS ( = 0.027). Among the preeclampsia group with REFER result, 4 (66.7%) patients were at the age of 20-35, and the others were <20 and >35 years old. All patients with DPOAE REFER were in a severe degree of preeclampsia (Table 2 ) [10] . This result supported the hypothesis that preeclampsia was a risk factor for damage to cochlear outer hair cells function. We then analyzed the distribution of blood pressure levels according to the DPOAE screening test results ( Table 3 ). The result demonstrated that the mean of systolic blood pressure for group with a DPOAE result of REFER was 158.33 ± 13.29, while the mean of systolic blood pressure in the group with PASS was 134.78 ± 22.44 with = 0.012 (95% CI 5.1 to 41.9). The mean of systolic rates in the group with a result of REFER was higher than the PASS result and statistically significant. The mean of diastolic blood pressure for the group with DPOAE result of REFER was 101.67 ± 4.082, while the average diastolic blood pressure in the group with PASS was 86.71±12.869 with = 0.006 (95% CI 4.46 to 25.44) [10] . The mean diastole of REFER was higher compared to the PASS group and statistically significant.
Discussion
This study identified 6 (10%) samples of the patients who had an impaired function of the outer hair cells of the cochlea. They were 2 patients who had disorders of the left ear, 3 patients who had disorders of the right ear, and one patient who had disorders in both ears. Prevalence ratio (PR) resulted in a PR value of 7 (95% CI 0.89 to 55.23). This demonstrated that pregnant women suffering from preeclampsia had potential damage to the outer hair cells of the cochlea which was 7 times greater than pregnant women without preeclampsia. In the group without preeclampsia, all samples were DPOAE PASS. This is the first research in Indonesia to study the prevalence of cochlear outer hair cells dysfunction in preeclampsia patients, specifically in Yogyakarta region. Vasospasm which occurred in preeclampsia and eclampsia would lead to tissue ischemia and end artery organ abnormalities [2, 11] . Our result supported the data that had been reported by Lin et al. [8] . They conducted animal studies to assess the effects of transient cochlear ischemia, concluding that cochlear ischemia which occurred within 15 minutes could lead to the cochlear outer hair cells malfunctioning which was more severe in the basal region compared to the apical region of the cochlea. It was possible that the basal region of the cochlea has higher rate of oxygen consumption than the apical region and vice versa. Reserve of glycogen as the energy of the organ corti at the apical region was more available than in the basal region. The conclusion of the study conducted by Lin et al. [8] was different from the hypothesis proposed by Baylan et al. [3] where cochlear hair cell function disturbances caused by vasospasm and ischemia were specified to the apical region because the apex was more sensitive to vascular changes. High blood pressure itself can result in dysfunction of the cochlea as described in study by de Moraes Marchiori et al. [11] , who conducted a study of 154 cases of hypertension, in individuals aged 45-64 years, and found that a total of 46.8% had sensorineural hearing loss with OR = 2.06 (95% CI 1.26 to 3.39).
Results in this study were in accordance with research conducted by Bakhshaee et al. [4] who discovered as much as 13.5% of the preeclampsia group to have REFER results in the DPOAE with an OR of 1.87 (95% CI 1.26 to 2.77) and the entire control group of pregnant women without preeclampsia to have PASS results in the DPOAE, suggesting that preeclampsia had an influence on hearing ability. Results of the study found that none of the patients in the group without preeclampsia had impaired function of outer hair cells of the cochlea [3] , in contrast to a study conducted by Wang and Young [12] who found that sensory neural hearing loss occurred in as much as 3% of normal pregnancies; this was the case allegedly due to maternal physiological changes such as hormones, electrolytes, metabolism, and the effects of psychological changes that occur during pregnancy. This study showed that, of those in the preeclampsia group who had a result of REFER from DPOAE screening, only one patient had a bilateral abnormality and the rest were unilateral.
Conclusion
Preeclampsia plays a role as a risk factor of cochlear outer hair cells destruction that can lead to permanent hearing loss. Although preeclampsia mostly resolves after delivery, cochlear damage and permanent hearing loss may remain unchanged in patients with preeclampsia. Some shortcomings of this study were not being capable of testing the function of the middle ear objectively or performing any hearing threshold test using audiometry. Further research is needed to examine middle ear function objectively with tympanometry and also the use of audiometry to assess the hearing thresholds as well as the need to evaluate whether the results of the DPOAE will remain the same or return to normal after giving birth. Based on this research, it is expected that obstetricians should work together with otolaryngologists in order to detect the complications of preeclampsia on the inner ear so that any damage will be immediately resolved.
Additional Points
The DPOAEs can be used as a screening tool for cochlear outer cell damage in preeclampsia patients.
